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How to fix lumpy gravy

No matter how many times you make pan gravy,
lumps have a way of appearing—usually when you
least want them.

http://ww. ehow. com how114366_fi x- | unpy-gravy. ht m
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lumps have a way of appearing—usually when you
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At least on larger galactic scales, it is believed that
strong self-gravity leads to star formation. If the same

IS true of QSO discs, there Is a danger that most of the
gas would form stars, leaving little to fuel the QSO.

Goodman (2003)
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How to fix lumpy gravy

No matter how many times you make pan gravy,

umps have a way of appearing—usually when you
east want them.

Don’t throw the gravy out. [...] You can still put

Thanksgiving dinner on the table in time.
http://ww. ehow. com how114366_fi x- | unpy-gravy. ht m

At least on larger galactic scales, it is believed that
strong self-gravity leads to star formation. If the same
IS true of QSO discs, there Is a danger that most of the
gas would form stars, leaving little to fuel the QSO.

Goodman (2003)
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A SMBH formation model

* merger of two galaxies» gas flows into the
center

. WO SAlaXIcEs Collds : © EAs 1OWE Nt the cener ...

(Barnes, Hernquist, 1996)
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A SMBH formation model

* merger of two galaxies» gas flows into the
center

* |t forms an accretion disk that feeds the forming
black hole

. WO SAlaXIcEs Collds

(Barnes, Hernquist, 1996)
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Hydrodyn. simulations

« such a disk is gravitational unstable if it is not hot
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Hydrodyn. simulations

inner disk, My =7.910 M

BH, M,= 7.510 M,

claculation domain, iyl =-6 o Min

resolution R xp : 63 x 127
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Hydrodyn. simulations

« such a disk is gravitational unstable if it is not hot
« simulate such a thin disk in polar coordinates
Ry = 29pc, Ry = 126pcC,
Myg=6-10°M, > M, =7.5-10" M,
e some viscosity, dynamically not important since
t, > teng= 3.2 - 10%a
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 NoO star formation
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Accreted mass
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Interpretation

« more simulations done with different disk masses
and values for the viscosity
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Interpretation

« more simulations done with different disk masses
and values for the viscosity

 high accretion due to clump-clump interactions

1
tacc X q
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Interpretation

« more simulations done with different disk masses
and values for the viscosity

 high accretion due to clump-clump interactions
1

tacc X G
* as predicted by thg-viscosity (Duschl,
Strittmatter, Biermann, 2000 and Duschl, Britsch

submitted to ApJL)
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« more simulations done with different disk masses
and values for the viscosity

 high accretion due to clump-clump interactions

1
tacc X G

* as predicted by thg-viscosity (Duschl,
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« turbulent velocities and length-scales also match
the G-viscosity
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Interpretation

more simulations done with different disk masses
and values for the viscosity

high accretion due to clump-clump interactions

1
tacc X G

as predicted by thg-viscosity (Duschl,
Strittmatter, Biermann, 2000 and Duschl, Britsch

submitted to ApJL)

turbulent velocities and length-scales also match
the G-viscosity

tace OX % also predicted by a clumpy disk model
by Kumar (1999)
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Summary
« formation model of SMBHs including large thin
self-gravitating disks
* Interacting clumps give very high accretion rate
e can be interpreted as(aviscosity
e exciting accretion process
 supports this SMBH formation model
 but there’s still a lot to do ...
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